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Abstract— Resonant Inductive Coupling (RIC) Wireless Power Transfer is a key technology
to provide an efficient and harmless wireless energy channel to consumer electronics, biomedical
implants and wireless sensor networks. However, there are two factors that are limiting the
applicability of this technology: the effects of distance variation between transmitter and receiver
and the effects of interfering objects. While distance variation in WPT has been thoroughly
studied, the effects of conductive interfering objects in resonant inductive coupling links are still
unclear.
When a conductive element is in the vicinity of a RIC link, both the transmitter and the receiver
can experiment a change on their resonant frequencies as well as their impedances. This can
greatly affect the efficiency of such WPT link causing it to a) make the transmitter and/or receiver
act as a pass-band filter and b) loose part of the transmitter magnetic field through coupling to the
interfering object. Depending on the natural resonant frequency of the object and the distances
between this object and the transmitter and receiver antennas, this can affect significantly the
RIC wireless power transfer link. In this article, we characterize the Magnetic behavior of a
resonant inductive coupled link in the presence of a conductive interfering object using a Finite
Element Field Solver (FEKO). Several distances between interference and transmitter/receiver
are analyzed providing a design space exploration and applicability study of this link.
1. INTRODUCTION
Resonant Inductive Coupling (RIC) Wireless Power Transfer is foreseen as one of the key tech-
nologies to satisfy the energy requirements of a network of battery-less/ambient-powered electronic
devices. Towards the applicability of resonant inductive coupling to a network of devices, the effects
of multiple devices acting as interfering objects should be studied. Due to the resonance of Res-
onant Inductive Coupled Wireless Power Transfer, these systems are very sensitive to conductive
objects in close proximity, which interact with the transmitter and/or the receiver, modifying its
impedance and resonant frequency.
Figure 1: Block diagram of WPT system.
In this paper, we 1) propose an analytical circuit-based approach to study the effects of in-
terfering objects on a Resonant Inductive Coupled Link, 2) explore the behavior of this model
taking into account the resonant frequency of the interfering object and the coupling between the
interference and transmitter/receiver coils and 3) verify the obtained results through a magnetic
characterization of this link using a Finite Element Field Solver Software (FEKO).
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2. CIRCUIT-BASED ANALYTICAL MODEL
To explore the effects of an interference, the interfering object is approximated by an RLC circuit
that models the frequency response of its impedance (which depends on the object geometry, size
and material) and the coupling coefficients (k1i, ki1, ki2, k2i) which model the magnetic behavior of
the interference, this is, the amount of magnetic field that is effectively transferred between the
interfering object and the transmitter/receiver coils.
Once this is known, the transfer functions of transmitter, receiver and interfering object can be
defined respectively as:
G1 =
I1
V1
=
jωC1
1 + jωC1R1 − ω2L1C1
G2 =
I2
V2
=
jωC2
1 + jωC2R2 − ω2L2C2
Gi =
Ii
Vi
=
jωCi
1 + jωCiRi − ω2LiCi
(1)
where ω is the frequency at which the system operates and ω1, ω2 and ωi are the resonant frequencies
of transmitter, receiver and interfering object respectively. G1i, Gi1, G2i, Gi2 are defined as the
transfer functions from the transmitter/receiver to interfering object and from the interfering object
to transmitter/receiver, representing the amount of power that arrives to the transmitter and
receiver from the interfering object and the other way around. Finally, G12, G21 represent the
power coupled directly from transmitter to receiver and from receiver to transmitter respectively.
G1i = Gi1 =
Vi1
I1
=
(
ωk1i
√
L1Li
)2
G2i = Gi2 =
Vi2
I2
=
(
ωk2i
√
L2Li
)2
G12 = G21 =
V21
I1
=
(
ωk12
√
L1L2
)2 (2)
Once the gain functions are known, the currents at transmitter (I1), receiver (I2) and interfering
object (Ii) can be found as:
V1 = Vad + IiGi1 + I2G21
I1 = V1G1
Ii = ViGi = (I1G1i + I2G2i)Gi
I2 = V2G2 = (I1G12 + IiGi2)G2
(3)
Solving this system of equations yields the output current at the receiver:
I2 = I1
G2G12 +GiG2G1iGi2
1 +GiG2G2iGi2
(4)
the current at the interfering object:
Ii = I1
GiG1i +GiG2G12G2i
1 +GiG2G2iGi2
(5)
and finally, the source current I1:
I1 = Vad
G1
1 +G1Gi1
(GiG1i+GiG2G12G2i)
1+GiG2G2iGi2
+G1G21
(G2G12+GiG2G1iGi2)
1+GiG2G2iGi2
(6)
The power dissipated in the first coil (transmitter), the power dissipated in the second coil
(receiver), the power transferred to the load and the power lost due to the interfering object can
be defined as:
P1 =
|I1|2
2
R1; P2 =
|I2|2
2
R2; PL =
I22
2
RL; Pi =
I2i
2
Ri (7)
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where R1, R2, RL and Ri are the real part of Z1, Z2, ZL and Zi respectively. Once the power
dissipated and transferred are known, the efficiency, defined as the power transferred to the load
divided by the total power of the system, is found as:
η =
PL
P1 + P2 + PL + Pi
(8)
3. BRIDGING THE CIRCUIT-MODEL TO MAGNETIC FIELDS
While the functional forms of the equations defined above are quite complex, the factors that define
the impact of the interfering object can be qualitatively understood to be:
• Resonant frequency of the interfering object with respect to the resonant frequency of the
system: ∆f = fi−fofo . The smaller the ∆f
′ is, the greater the effect of the interfering object
will be. This is due to the fact that near resonance the reactive component of the impedance
is greatly reduced, allowing for more current to ow and more power to be consumed by the
resistive component.
• Resistance of the interfering object with respect to the load resistance: R′ = RiRL : if Ri ¿ RL,
the system’s input and output impedances (Zin and Zout) are driven by the interfering objects
impedance, thus shifting the frequency response of the system depending upon ∆f . IfRi À RL
the effect of the interfering object is negligible.
• Distance and axial orientation between interference and transmitter/receiver, this is, coupling
between interference and transmitter (ki1 = k1i) and receiver (ki2 = k2i). High values of
coupling mean that the magnetic field is more effectively transmitted to the interfering object,
which causes an increase of losses through coupling to the interfering object.
For simplicity, we suppose a RIC link in which transmitter and receiver share the same resonant
frequency ωo = ω1 = ω2. Figures 2, 3, 4 showcase the effects explained above for a link resonating
at fo = 240.8MHz made of two coils of 1-turn 16 cm diameter with R1 = R2 = Ri,Ω = 60.9Ω,
L1 = L2 = Li = 5.99µH, C1 = C2 = Ci = 0.0734 pF, RL = 70.2Ω and Ri = 45.5Ω.
In Figure 2, the interfering object is placed before the transmitter at several distances, repre-
sented as multiples of the antenna diameter: −1.25D, −1D, −0.75D, −0.5D, −0.25D. In this
case, the interfering object is mostly coupled to transmitter (k1i = ki1 6= 0, ki2 = k2i ' 0). It
can be seen that the frequency response of the power available from the source is modified due to
the presence of the interfering object and that the effect of a near object (di1 < 0.5D) increases
the power received at the interference and, at the same time, decreases the power received at load.
Finally, if the distance d1i > 1D, the effect of the interfering object is negligible. This is due to a
low coupling k1i(di1).
Figure 2: Currents in transmitter, load and interference. FEKO simulation. Transmitter coupled.
Figure 3 illustrates the same scenario but with the interfering object placed between transmitter
and receiver. It can be seen that, when the interfering is in close proximity to the transmitter
d = 0.25D, the source impedance is modified and the frequency response of the source current
shifts and presents multiple peaks, thereby presenting an overcoupled response. Regarding the
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Figure 3: Currents in transmitter, load and interference. FEKO simulation. Transmitter and receiver
coupled.
current at the load (receiver), we can see that it is maximum when the interfering object is placed
between transmitter and receiver d = 0.5D and that the current is higher than in the case of the
same system operating without any interference. This is due to the interfering object acting as a
relay between transmitter and receiver. Since the impedance of the interfering object is lower than
the impedance of the load, more power is effectively transferred to the load. Finally, when the
interfering object is closer to the receiver (d = 0.75D) it receives less power and its effect upon the
power transfer link is causing an impedance mismatch at the receiver.
Finally, Figure 4 illustrates the situation in which the interfering object is placed only near the
receiver d = 1.25D, 1.50D, 1.75D and 2D. We can see that the effect upon the source power is
negligible (ki1 = k1i ' 0) and that, for large distances d > 1D, the effect of the interfering object
upon the current the load receives is very small.
Figure 4: Currents in transmitter, load and interference. FEKO simulation. Receiver coupled.
4. MAGNETIC CHARACTERIZATION
In this section, a magnetic characterization of a RIC link in the presence of an interfering object
obtained by a Finite Element Field Solver FEKO is presented to validate the prior design-oriented
model-based results. This link is made of a 1-turn 16 cm diameter coils with R1 = R2 = Ri,Ω =
58.8Ω, L1 = L2 = Li = 5.99µH, C1 = C2 = Ci = 0.075 pF. A load is added to the second coil
RL = 33.3Ω and a smaller one (Ri ¿ RL) to the interfering object Ri = 0.1RL.
Figure 5 compares the magnetic field of a RIC link without any interfering object (a) to the one
with an interfering object only coupled to the transmitter (b) and (c). In this case, two effects can
be observed: first, the magnetic field that effectively arrives to the load (receiver) is smaller. This is
due to an impedance mismatch caused by the interfering object, which reduces the power provided
by the source coil. Second, the interfering object, now in close proximity to the transmitter, receives
most of the magnetic field, which is caused by a smaller interfering object resistance (Ri ¿ RL)
and a higher coupling ki1 = k1i > k12 = k21.
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(a) No Interference (b) d   =−1m, d   =−3 mi1 i2 (c) d   =−0.5m, d   =−2.5 mi1 i2
Figure 5: Magnetic field distribution of a RIC link with a resonant interfering object near the transmitter.
Figure 6 explores the effect of an interfering object between transmitter and receiver for three
diferent distances: near the transmitter (a), in between (b) and near the receiver (c).
• If the interfering object is near the transmitter (case a), the effect is similar to the one described
in Figures 5(b) and 5(c): the source impedance is modified, thereby decreasing the power
available from the source and more power is coupled to the interfering object. However, in
this case, the effect is diminished by the fact that part of the field that is effectively transferred
to the interfering object is later transferred to the receiver, increasing the magnetic field at
the load.
• If the interfering object is in between transmitter and receiver (case b), the magnetic field that
is coupled to the receiver is increased with respect to the one obtained without any interfering
object (Figure 5(a)). The interfering object is, in this case, acting as a relay. This result
agrees with the increase of the current at the receiver shown in Figure 3. For this to happen,
several things have to occur: first, the interfering object impedance has to be low in order
to retransmit efficiently. Secondly, the interference has to be resonant at the same frequency
of the system ωi = ωo. Third, the interfering object has to be sufficiently far away from the
transmitter and receiver in order to minimize the impedance mismatch.
• If the interfering object is near the receiver (case c), the magnetic field at the receiver is lowered
due to an impedance mismatch caused by the close proximity of interfering and receiver coils.
Since the coupling between transmitter and interfering object is not negligible, the source
power is also modified.
(b) d   =1 m, d   =1 mi1 i2 (c) d   =1.5 m, d   =0.5 mi1 i2(a) d   =0.5 m, d   =1.5 mi1 i2
Figure 6: Magnetic field distribution of a RIC link with a resonant interfering object between transmitter
and receiver.
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Finally, Figure 7 shows the effect of the interfering object far from the transmitter (ki1 = k1i ' 0)
and in close proximity to the receiver (ki2 = k2i 6= 0). Since the coupling between interference and
source is very small, the source power is not affected by it. On the other hand, the receiver does
experience an impedance mismatch, which results in less power transferred to it, and some of the
power coupled to the receiver is later transferred to the interfering object, this is, the receiver acts
as a high-loss relay between the source coil and the interfering object.
(b) d   =3 m, d   =1 mi1 i2(a) d   =2.5 m, d   =0.5 mi1 i2
Figure 7: Magnetic field distribution of a RIC link with a resonant interfering object near the receiver.
5. CONCLUSIONS
In this work, the effects of an interfering object on a Resonant Inductive Coupling Link have
been studied analytically from a circuit-centric model-based point of view and then characterized
magnetically using a Finite Element Field Solver Software (FEKO). Several scenarios have been
analyzed and studied, namely a) interfering object near the transmitter, b) interfering object be-
tween transmitter and receiver and c) interfering object near the receiver; emphasizing the factors
that cause a severe degradation of the wireless power transfer link. Finally, for the case in which
the interfering object is between the transmitter and receiver, the assumed operating conditions
resulted in the interfering object acting as a boosting relay rather than degrading the system
performance. A reasonable set of conditions for which this would occur were presented, but not
formally investigated.
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